-5a a-cholest-9(11)-en-23-one-3b b-yl sodium sulfate (3). In addition, the NMR data for known saponins 4-7 were completely assigned by extensive 2D-NMR analysis without chemical degradation.
In the globalized trading system, invasion of exotic species has become a major concern in the marine environment as the number of human-mediated introductions has increased. [1] [2] [3] The Asterias amurensis LÜTKEN, commonly called the northern Pacific starfish, originally comes from northeast Asia including Korea, China, Japan, and Russia where it causes considerable damage to commercial shellfishes. [4] [5] [6] In the early 1990s, A. amurensis was discovered as an invasive species in Australia and, as voracious predators, remain a major threat to benthic marine ecosystem and commercial fisheries in east and southeast Tasmania where the species is conspicuously dispersed. 5, 6) In addition, a recent study demonstrated that A. amurensis attacks native assemblages that support populations of large surface bivalves, particularly those that live on or just under the sediment surface. 7) Because it damages the marine ecosystem and the fishing industry, interest in identifying profitable secondary metabolites from the species has greatly increased.
The steroidal saponins of starfish have been reported to have various bioactivities including cytotoxic, hemolytic, antiviral, antibacterial, anti-inflammatory, and antifungal activities. [8] [9] [10] [11] [12] The starfish saponins can be categorized into three main groups: asterosaponins possessing a sulfated steroidal moiety; steroidal cyclic glycosides, which to date have only been found in two species of the genus Echinaster; and polyhydroxysteroidal saponins. 8) Due to the widespread interest in their biological and structural significance, we have undertaken structural studies on the saponins of A. amurensis. Our recent investigation on the n-BuOH soluble fraction of A. amurensis resulted in the isolation of three new asterosaponins 1-3, and four known saponins, thornasteroside A (4), [12] [13] [14] [15] [16] [17] [18] versicoside A (5), 18, 19) anasteroside B (6), 11) and asteronyl pentaglycoside sulfate (7) . 15, 20) Although the chemical structures of asterosaponins 4-7 have been already determined using hydrolyzed molecules, there are few reports on the full NMR assignment for undegraded saponins. Indeed, only partial 1 H-NMR data for distinctive methyl protons and the 13 C-NMR data for hydrolyzed aglycone and sugars have been published to date. 16, 18) By utilizing a high magnetic field (600 MHz) 2D-NMR technique including 1 H-1 H correlation spectroscopy (COSY), total correlation spectroscopy (TOCSY), heteronuclear multiple quantum coherence (HMQC), heteronuclear single quantum coherence (HSQC), heteronuclear multiple bond correlation (HMBC), and nuclear Overhauser effect spectroscopy (NOESY), we could elucidate the structures and complete the NMR assignments for complex saponins without chemical degradation. In this paper, we report on the isolation and structure determination of new asterosaponins 1-3 and known saponins 4-7 isolated from A. amurensis.
Results and Discussion
Compound 1, a white amorphous powder, showed a pseudo-molecular ion peak at m/z 1261.4910 [MϩNa] ϩ in the high resolution (HR)-FAB-MS, consistent with the molecular formula C 54 H 87 NaO 28 S. (Fig. 1) . In addition, the characteristic carbon signals at d C 145.68 (C-9) and 116.48 (C-11) revealed the chol-9(11)-en-23-one skeleton. 11, 14, 21) 22 ) and the nuclear Overhauser effect (NOE) correlation between H-3 and H-5 (Fig.  2) . As shown in Figs. 1 and 2 , comprehensive interpretation of the 1 H-1 H COSY, TOCSY, HMQC, HMBC, NOESY, and HR-FAB-MS data suggested that the steroidal aglycone of 1 should be 5a-chol-9(11)-en-23-one-3b,6a-diol 3-sulfate. Although some of the anomeric protons overlapped with the water peak from the solvent, they could clearly be assigned using the HMQC data, 23) , and Fuc (Jϭ7.7 Hz) suggested b-orientations for the sugars, corresponding with the analysis of NOESY data. The absolute configuration of the sugar residues was found to be D-galactose, D-quinovose, and D-fucose, respectively, by GC analysis of their trimethylsilylated L-cysteine methyl ester derivatives. Consequently, the structure of 1 was determined to be 6a ϩ were assigned to compound 2, while the pseudo-molecular ion peaks at m/z 1281 [MϩH] ϩ and m/z 1303 [MϩNa] ϩ were assigned to compound 3. The pattern of mass fragmentation in the MS/MS data further supported the assignment of molecular ions to compounds 2 and 3.
23) The HR-FAB-MS data showed the pseudo-molecular ion peaks at m/z 1301.5204 [MϩNa] ϩ and at m/z 1303.5361 [MϩNa] ϩ , corresponding to molecular formulas of C 57 H 91 NaO 28 S (2) and C 57 H 93 NaO 28 S (3). The overall 1 Hand 13 C-NMR data suggested that the mixture of 2 and 3 is a typical steroidal glycoside. Detailed analysis of 2D-NMR data enabled us to identify that the steroidal side chains differed. The side chain for 2 was confirmed by HMBC data displaying the correlations from an olefinic proton at d H 6.14 (H-24) to a ketone signal at d (Fig. 3 ). The proton signal of H-3 at d H 4.77 (W 1/2 ϭ22 Hz) as well as the NOE correlation between H-3 and H-5 suggested the a-configuration of H-3 (alternative 3b-sulfate). 14, 16, 22) On the basis of the difference of 2 (Fig. 3) . Based on the interpretation of 1 H-1 H COSY, TOCSY, HMQC, HMBC, NOESY, and HR-FAB-MS data, the aglycones of 2 and 3 were completely elucidated as a 5a-cholesta-9(11),24-dien-23-one-3b,6a-diol 3-sulfate and a 5a-cholest-9(11)-en-23-one-3b,6a-diol 3-sulfate, respectively (Figs. 3, 4) . The sugar moieties of 2 and 3 were identical based on the analyses of 2D-NMR data ( 1 H-1 H COSY, TOCSY, HMQC, HMBC, and NOESY), and GC, and included two b-D-galactose, two b-D-quinovose, and one b-Dfucose ( Table 1 ). The oligosaccharide connected to C-6 was verified by the HMBC (Fig. 3) and NOESY (Fig. 4) Compound 4, a white amorphous powder, displayed a pseudo-molecular ion at m/z 1289.5 [MϩNa] ϩ in the matrix assisted laser desorption/ionization-time of flight (MALDI-TOF)-MS spectrum. The 1 H-and 13 C-NMR data of 4 revealed a steroidal glycoside. Through the analysis of 2D-NMR data, the aglycone structure of 4 was identified as a 5a -cholest-9(11)-en-23-one-3b ,6a ,20-triol 3-sulfate. [12] [13] [14] [15] [16] [17] [18] [19] Glycosilation at C-6 and other interglycosidic linkages were confirmed by the following HMBC and NOESY correlations: d 24) Considering all the NMR and MS data, compound 4 was identified as thornasteroside A, [12] [13] [14] [15] [16] [17] [18] 
-hydroxy-23-one5a-cholest-9(11)-en-3b-yl sodium sulfate. Even though there are reports on the partial NMR assignment for thornasteroside A, some proton and carbon chemical shifts are quite different from our findings since the previous study was performed after hydrolysis. The chemical shift value of H-6 was assigned to d H 5.37, 16) which turned out to be d H 3.81 in our study. In addition, the chemical shift values of Gal-2ЉЉ and Fuc-1ٞЉ were reported to be d C 82.5 and 105. 5, 18) respectively, which were assigned to d C 84.05 and 107.76, respectively, in our study.
Compound 5 was isolated as a white amorphous powder. The molecular formula was assigned as C 62 H 101 NaO 33 S using the MALDI-TOF-MS data showing an pseudo-molecular ion at m/z 1451. 6 [MϩNa] as versicoside A, 18, 19) 
-hydroxy-23-one-5a -cholest-9(11)-en-3b-yl sodium sulfate.
Compound 6 was obtained as a white amorphous powder. The pseudo-molecular ion at m/z 1351.4860 [MϩNa] ϩ in the HR-FAB-MS spectrum matched the molecular formula C 56 H 89 NaO 32 S. Comparing the NMR data of 6 to those of 1, the downfield shifted proton signals at d H 2.37 (H-21) and 0.61 (H-18), and the downfield shifted carbon signals at d C 213.20 (C-20) and 65.10 (C-17) in 6 were different from those in 1. Furthermore, a secondary methyl group at d H 0.92 in 1 was not observed in 6, suggesting that the aglycone of 6 is the pregnane skeleton. Based on the analysis of 1 H-1 H COSY, TOCSY, HSQC, HMBC, NOESY, and HR-FAB-MS data, the steroidal moiety of 6 was characterized as a 5a-pregn-9(11)-en-20-one-3b,6a-diol 3-sulfate. The type of oligosaccharide moiety and the linkage were the same as in 5. Accordingly, the structure of 6 was determined to be anasteroside B (6), 11) 15, 20) When compounds 1-7 were tested for their anti-inflammatory activity in Raw 264.7 cells, compounds 4 and 5 (at 8 mM) inhibited the production of nitric oxide (NO) by up to 41.11%. In case of compounds 1-3, 6 and 7, a concentration-dependent activity was not observed in our assay due to their cytotoxicity toward the Raw 264.7 cells. Compared to control Raw 264.7 cells treated with lipopolysaccharide, treatment with compound 4 reduced the production of NO by 6.08%, 8.13%, 10.35%, 13.86%, and 19.72% at 0.1, 0.5, 1, 2, and 4 mM, respectively. Compound 5 reduced the production of NO by 5.52%, 8.29%, 12.55%, 14.59%, and 41.11% at 0.5, 1, 2, 4, and 8 mM, respectively. However both compounds exhibited toxicity toward the employed cells at high concentration, suggesting that these steroidal saponins are general toxic constituents of the starfish A. amurensis. In association with these results, we evaluated the cytotoxic activity against HL-60 human promelocytic leukemia cells. Compounds 4 and 5 exhibited moderate cytotoxic activity against HL-60 with IC 50 values ranging from 21.3 to 81.5 mM.
Experimental
General Experimental Procedures Optical rotations were measured on a JASCO DIP-370 (Tokyo, Japan) automatic digital polarimeter. UV spectra were obtained in H 2 O using a JASCO V-550 UV/vis spectrometer. VLC was performed on Merck silica gel (70-230 mesh column (250ϫ21.20 mm, 10 mm). High and low resolution FAB-MS data were obtained on a JEOL JMS-700. MALDI-TOF-MS spectra were run on a Bruker Ultraflex III analyzer using DHB (2,5-dihydroxybenzoic acid) as a matrix in reflector mode. The LCQ advantage trap mass spectrometer (Thermo Finnigan, San Jose, CA, U.S.A.) was equipped with an electrospray ionization (ESI) source. TLC was executed on glass plates precoated with silica gel F 254 (20ϫ20 cm, 200 mm, 60 Å, Merck). The GC column chromatography was performed on a Hewlett Packard GC 6890 with an HP-5 column (cross linked 5% phenyl methyl silicone, 25 mϫ0.32 mmϫ0.17 mm) and N 2 as carrier gas (N 2 flow, 3 ml/min; air flow, 450 ml/min). Extraction and Isolation The whole body of Asterias amurensis (6.5 kg) was chopped and extracted twice in MeOH (2ϫ12 l) at room temperature for 7 d. The dried MeOH extract (241 g) was suspended in water and partitioned sequentially with n-hexane (16.6 g), EtOAc (6.8 g), and nBuOH (34.0 g). A portion of the n-BuOH fraction (17.5 g) which exhibited bioactivity such as cytotoxicity and anti-inflammatory effects, was subjected to Si gel VLC (21ϫ17.5 cm), and eluted with a stepwise gradient of CH 2 1-12 ). Fr. 7 (4.2 g) was further divided into 6 fractions (Fr. 7-1 to 7-6) using MPLC [C 18 column (16ϫ4 cm)] with a gradient of MeOH/H 2 O (from 50 : 50 to 100 : 0). Fr. 7-2 (63.0 mg) was applied to Si gel (7.5ϫ3 cm) MPLC with isocratic solvent of CHCl 3 /MeOH/H 2 O (60 : 30 : 5), and afforded 1 (12.6 mg) and 6 other subfractions (Fr. 7-2-1 to 7-2-7). Of these, Fr. 7-2-6 was further purified by C 18 HPLC (250ϫ21.20 mm, 10 mm) with a gradient of MeOH/H 2 O (50 : 50→70 : 30) over 60 min to yield 6 (2.5 mg). Fr. 7-4 (81.3 mg) was applied to C 18 HPLC (250ϫ21.20 mm, 10 mm) with ACN/H 2 O (100 : 0→ 90 : 10) for 80 min, to obtain a mixture of 2 and 3 (9.7 mg). Fr. 7-1 (1688.5 mg) was fractionated by C 18 MPLC (21ϫ4 cm) using a gradient of MeOH/H 2 O (from 10 : 90 to 70 : 30) to yield 7 subfractions (Fr. 7-1-1 to 7-1-7). Among them, Fr. 7-1-5 was further fractionated by Si gel MPLC (7.5ϫ 3 cm) with isocratic CHCl 3 /MeOH/H 2 O (60 : 30 : 5) to afford 6 (6.5 mg) and 7 (4.0 mg). Fr. 8 was chromatograghed over C 18 
